The posterior cruciate ligament (PCL) is the stronger of the 2 cruciate ligaments of the knee and has a major role in stabilizing the knee joint.[@bib1], [@bib2] Functionally, the PCL is a primary restraint to posterior tibial translation at all flexion angles and also for internal rotation beyond 90° of flexion.[@bib3] Compared with the anterior cruciate ligament (ACL), the PCL has a high potential for spontaneous healing, and thus it requires different treatment approaches.[@bib4] Some studies have reported good outcomes after conservative treatment of partial PCL tears, whereas others have reported poor results at long-term follow-up, with disabling symptoms and functional limitations.[@bib5] Several techniques of reconstructions for mid-substance PCL injuries have been described in the literature, depending on tibial graft fixation (transtibial tunnel, tibial inlay techniques), the bundles addressed (single-bundle or double-bundle), and the type of graft used.[@bib6] However, the situation is even more complicated in case of rare condition, which is a PCL tibial avulsion fracture. It is proven that the proper approach should involve an anatomical reinsertion with internal fixation of the avulsed fragment.[@bib7], [@bib8] Although there are many studies published on techniques and outcomes of the PCL avulsion treatment options, no optimal surgical technique has been established. In this paper and video, we present our minimally invasive approach to PCL tibial avulsion treatment. We propose an all-arthroscopic technique of PCL distal reattachment with extracortical fixation, which allows for precise reduction, firm stabilization, and early rehabilitation.

Surgical Technique {#sec1}
==================

Indications {#sec1.1}
-----------

This technique is indicated for symptomatic PCL tibial avulsion.

Contraindications {#sec1.2}
-----------------

Mid-substance PCL tears, knee flexion less than 90°, and changes in popliteal neurovascular bundle anatomy (aneurysm, varicose) contraindicate this technique.

Diagnostic Arthroscopy {#sec1.3}
----------------------

The patient is positioned supine on the operating table. The procedure can be performed with the patient under either general or spinal anesthesia. A nonsterile tourniquet is placed high on the thigh and inflated to 350 mm Hg. The operated leg is placed in a leg holder and then prepared and draped in a sterile fashion for routine knee arthroscopy.

Typical anterolateral and anteromedial portals are used to inspect the knee joint. With a 30° arthroscope (Arthrex, Naples, FL) inserted through the anterolateral portal and the arthroscopic hook probe introduced through the anteromedial portal, the posterior horn of the lateral meniscus, the ACL, the posterior horn of the medial meniscus, and cartilage are inspected ([Video 1](#appsec1){ref-type="sec"}). Then, the PCL is assessed ([Fig 1](#fig1){ref-type="fig"}, [Video 1](#appsec1){ref-type="sec"}). When the diagnosis of a PCL tibial attachment avulsion is confirmed, a blunt trocar ([Video 1](#appsec1){ref-type="sec"}) or bone chisel is introduced through the anteromedial portal and used to assess the possibility of anatomic reposition ([Fig 2](#fig2){ref-type="fig"}, [Video 1](#appsec1){ref-type="sec"}). During this maneuver, the instrument is simultaneously used to determine the exact point for introducing the pin guide with the most advantageous distribution of forces and the best fragment reduction ([Video 1](#appsec1){ref-type="sec"}). If the avulsed fragment is displaced and difficult to reposition, one should proceed to the next step of this technique instead of trying do it forcefully, which creates the risk of bone fragment damage.Fig 1Arthroscopic view from anterolateral viewing portal in a right knee. Posterior cruciate ligament tibial avulsion fracture (blue arrow). (MFC, medial femoral condyle; MTP, medial tibial plateau, MM, medial meniscus.)Fig 2Arthroscopic view from anterolateral viewing portal in a right knee. A blunt trocar (white arrow) is used to assess for the potential of the PCL avulsion fracture reposition. The blue arrow presents avulsed fragment reduction. (MFC, medial femoral condyle; MTP, medial tibial plateau; MM, medial meniscus.)

All-Arthroscopic PCL Distal Reattachment With Extracortical Fixation {#sec1.4}
--------------------------------------------------------------------

The arthroscope is introduced to the posteromedial compartment using a transnotch maneuver ([Video 1](#appsec1){ref-type="sec"}). An additional high posteromedial portal is created in the soft spot about 2 cm above the posteromedial fold using a surgical no. 11 blade ([Fig 3](#fig3){ref-type="fig"}, [Video 1](#appsec1){ref-type="sec"}). This is very important phase of this technique, because the position of the high posteromedial portal will determine the angle of attack at the avulsed fragment. The high posteromedial portal should be placed in the position that allows for freely introducing the pin guide in previously determined point and to drill the tibial tunnel from this point toward an anterolateral tibial cortex. The arthroscopic cannula (ConMed, Largo, FL) is inserted through the high posteromedial portal to maintain the approach and facilitate maneuvering ([Fig 4](#fig4){ref-type="fig"}, [Video 1](#appsec1){ref-type="sec"}).Fig 3Arthroscopic view from anterolateral viewing portal in a right knee, trans- notch maneuver. An additional high posteromedial portal is placed 2 cm above the posteromedial synovial fold (dashed line) using a needle and surgical blade (white arrows).Fig 4Arthroscopic view from anterolateral viewing portal in a right knee, transnotch maneuver. Arthroscopic canula (white arrow) is placed in the high posteromedial portal to facilitate maneuvering inside the joint.

When the avulsed fragment is displaced, the reduction can be performed at this moment. To do it, the K-wire is introduced under arthroscopic visualization through the cannula, placed in the center of the avulsed fragment, used as a "joystick" to position the fragment in a right place in the tibial plateau, and advanced as a temporary fixation. If the avulsed fragment is not displaced, under arthroscopic visualization, a 2.7-mm eyelet pin (PCL Position System; Aesculap, Tuttlingen, Germany) is introduced through the cannula, placed in the previously determined point in the avulsed PCL tibial attachment, and used to drill a tibial tunnel aimed toward the anterolateral tibial cortex ([Fig 5](#fig5){ref-type="fig"}, [Video 1](#appsec1){ref-type="sec"}). Next, the eyelet pin (Aesculap) is used to pass a FiberTape (Arthrex GmBH, Munich, Germany) suspended on 4 × 12-mm Surgical Plate **(**PCL Position System; Aesculap) through the tibial tunnel until the plate reduces the avulsed fragment of the PCL tibial attachment ([Fig 6](#fig6){ref-type="fig"}, [Video 1](#appsec1){ref-type="sec"}). The whole suspensory mechanism is fixed on the anterolateral tibial cortex with a 11-mm Suture Disc (PCL Position System; Aesculap). The tension is regulated under visual control using a Twister (PCL Position System; Aesculap) until the fracture reduction is complete. The stability of fixation is evaluated during full knee range of motion under arthroscopic visualization.Fig 5Arthroscopic view from anterolateral viewing portal in the knee. An eyelet pin (white arrow) is placed in the native posterior cruciate ligament (PCL) tibial attachment (blue arrow) and used to drill the tibial tunnel running from the posteromedial to anterolateral part of the tibia.Fig 6Arthroscopic view from anterolateral viewing portal in a right knee. The FiberTape (white arrow, A) suspended on the Surgical Plate (yellow arrow, B) is introduced through the previously prepared tibial tunnel for final reposition of the posterior cruciate ligament tibial avulsion fracture (blue arrow, C). (MFC, medial femoral condyle; MTP, medial tibial plateau; MM, medial meniscus.)

Rehabilitation {#sec1.5}
--------------

Walking on crutches for 6 weeks and an orthosis with limited extension (30°) and flexion (90°) is recommended for patients. Physiotherapy starts from the second postoperative day. If available, the patient can be placed into a dynamic PCL brace.

Discussion {#sec2}
==========

PCL avulsion fractures are rare injuries that can lead to significant morbidity when not recognized and treated properly. Although traditionally treated with open reduction and internal fixation, more recent studies report successful outcomes with both open and arthroscopic-assisted treatment.[@bib8] The presented technique, as an arthroscopic procedure, uses the advantages of a minimally invasive approach. It requires only four 0.5- to 1-cm skin incisions---anterolateral, anteromedial, high posteromedial portals, and a small skin incision for fixation of the Suture Disc on the anterolateral tibial cortex. It diminishes the risk of infection, improper wound healing, and patient dissatisfaction according to esthetic considerations in comparison with open procedures.[@bib9], [@bib10] It also allows for introducing early rehabilitation. Moreover, an open approach to PCL region is very complicated, carries a risk of neurovascular injury, and may provide poorer visualization than arthroscopy.[@bib11] By contrast, direct arthroscopic visualization facilitates an anatomical reposition, which is a key factor for restoring proper knee biomechanics.

Furthermore, all-arthroscopic PCL tibial reattachment with extracortical fixation, in hands of surgeons experienced in posteromedial portal formations, can be a very quick procedure, which reduces the risks associated with prolonged thigh tourniquet maintenance and postoperative pain.[@bib12], [@bib13], [@bib14], [@bib15] The presented technique allows one also to treat concomitant intraarticular lesions during one-stage procedure. Approximately 60% of PCL injuries are associated with tears of the posterolateral corner structures, including the lateral collateral ligament, popliteofibular ligament, and popliteus tendon.[@bib8] When multiligament reconstructions are necessary, the position of the tibial tunnel from the native PCL tibial attachment to anterolateral tibial cortex should allow one to avoid tunnel convergence. However, it is worth noting that this position creates greater risk in comparison with the anteromedial position.

Finally, all-arthroscopic PCL tibial attachment stabilization with extracortical fixation is beneficial from an economic point of view. It requires a decreased length of hospital stay and minimal hardware placement. Typical systems for PCL (or ACL) reconstructions are sufficient.

However, there are also some potential disadvantages of an all-arthroscopic PCL tibial attachment avulsion fracture stabilization with extracortical fixation. Making a high posteromedial portal places the saphenous nerve at risk. To avoid its injury, the portal should be created with the knee in 90 to 100° of flexion. This position also diminishes the risk of popliteal neurovascular bundle injury during PCL tibial tunnel drilling, pushing the structures about 2.5 cm away the posterior tibial margin.[@bib16], [@bib17] Thus, the procedure should not be performed in patients with knee flexion less than 90°. Moreover, because of hardware placement, there is always a minor risk of soft-tissue irritation, which may be a mild foreign body reaction. Some patients are likely to develop postoperative knee pain or discomfort around the tibial implant.[@bib14], [@bib18] Therefore, sometimes the hardware removal is required.

Another situation that can complicate the procedure is significant avulsed fragment displacement or fragmentation. When the fragment is significantly displaced, a K-wire introduced through the high posteromedial portal can be used for reposition and temporary fixation, as described previously. In case of significant fragmentation, our method of choice is to use a Spectrum Suture Passer (ConMed) to pass the FiberTape (Arthrex) through the PCL substance applying a "lasso-loop" technique and introducing it to the tibial tunnel running from native PCL tibial attachment to anterolateral tibial cortex. The whole construct is fixed on the anterolateral tibial cortex with a 11-mm Suture Disc (PCL Position System; Aesculap).

To summarize, the presented PCL fracture avulsion technique is simple, reproducible and allows for restoring the knee anatomy and biomechanics. All advantages and disadvantages of all-arthroscopic PCL tibial attachment stabilization summarizes [Table 1](#tbl1){ref-type="table"}.Table 1Advantages and Disadvantages of All-Arthroscopic PCL Tibial Reattachment With Extracortical FixationAdvantagesDisadvantages• Minimally invasive procedure• Challenging and demanding technique for beginning arthroscopists.• Early rehabilitation possible• High risk of neurovascular injury.• Limited soft-tissue trauma• At least 90° of flexion necessary.• Diminished scar formation• Possible irritation to hardware.• Anatomical and biomechanical restoration of the knee function• May not be possible if meniscal roots are avulsed with the fracture fragment.• Quick procedure• Minimum morbidity• Concomitant intraarticular lesions can be treated in a one- stage procedure• Short hospital stay• Small amount of hardware placement

Supplementary Data {#appsec1}
==================

Video 1All-arthroscopic posterior cruciate ligament distal reattachment with extracortical fixation in the right knee. Before surgery, a thorough clinical and radiologic examination should be performed. The surgery starts from inspection of concomitant intra-articular lesions: LM, ACL, MM, and cartilage are assessed. We can see the PCL tibial avulsion in the intercondylar eminence. A blunt trocar introduced through the anteromedial portal is used to check the potential of the avulsion fracture reposition. Then, the transnotch maneuver is performed and the arthroscope is inserted into the posteromedial compartment. An additional high posteromedial portal is created 2 cm above the posteromedial synovial fold. An arthroscopic cannula is placed in posteromedial portal to facilitate maneuvering. An eyelet pin is placed in the center of the avulsed fracture fragment and used to drill the tibial tunnel directed anterolaterally. Then, the same eyelet pin is used to introduce the FiberTape suspended on a Surgical Plate through the tibial tunnel. To complete the surgical fixation, an extracortical fixation is performed on the anterolateral tibial cortex with Surgical Disc and Twister. (LM, lateral meniscus; ACL, anterior cruciate ligament; PCL, posterior cruciate ligament; MM, medial meniscus.)ICMJE author disclosure forms
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